Introduction
Unknown liquid samples are often left in public places or at crime scenes. To presume the hazardous nature of these liquid samples is important for police officers and people nearby to ensure their safety. Concentrated acid solutions are especially hazardous materials and frequently used in crimes. For this reason, a rapid, safe and inexpensive field sensing method for concentrated acid solutions is needed. Although various kinds of optical sensors for low concentration acid samples such as pH indicators have been developed, [1] [2] [3] a sensor that is applicable to high concentration acid samples has yet to be developed.
For field optical sensing, utilization of dyes has several advantages, such as simplicity and easy handling. We have established a pipette-based optical discrimination method using dyes and solid substances that can discriminate some organic solvents. 4 In screening studies for the development of novel field sensing methods, 1-[[4-[(2,5-dimethylphenyl)azo]-2,5-dimethylphenyl]azo]naphthalen-2-ol, called Oil Red O (ORO, Scheme 1), changes its color against acids with extremely high concentration, and the color changing behavior is modified when the dye is supported by a florisil surface.
ORO is mainly used in biological studies to stain neutral lipids and cholesteryl esters in cells. 5 Color change phenomena of azo dyes are widely known, such as azo and hydrazone tautomeric equilibriums. [6] [7] [8] [9] To our knowledge, however, an application of ORO as an indicator of the nature of liquids has not been developed.
Florisil is a coprecipitate of silica and magnesia, which is used as polar absorbents in column chromatography and thin-layer chromatography. It is also used in the preparation of samples, such as biological, environmental, and pharmaceutical before chromatographic analysis. 10, 11 In this report, we present a novel optical indicator for concentrated acid solutions utilizing the color change phenomena of ORO supported by florisil. The color change behavior of ORO is modified by adsorbing it on the florisil surface, which leads to extension of the applicable concentration range.
Experimental

Reagents and chemicals
Oil Red O, ethanol, formic acid, sulfuric acid, silica gel and florisil (60 -100 mesh) were purchased from Wako (Japan), and were used as received.
For measurement of absorption spectra of ORO in solution, the stock ethanol solution of ORO with concentration of 1.0 mg/10 mL was prepared. Then, 200 μL of dye solution and 2 mL of acid solution were mixed followed by UV-Vis measurement. A novel field sensing method for concentrated acid solutions was developed. The sensor is composed of a dye, Oil Red O, and florisil as a support for the dye. When the dye is supported on the florisil surface, its color change properties against the acid solution drastically changes compared to in solution, and the sensor is applicable to sensing for acids of relatively low concentration. The significant phenomenon could not be observed when silica gel was used as a support, suggesting that the florisil plays an important role in the color changing phenomenon. The amount of dye absorbed on the florisil surface is related to the color change properties. 
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The ORO-florisil and ORO-silica gel samples were prepared as follows. Ethanol solution of ORO with concentration of 1.0 mg/100 mL was prepared as a stock solution. To make ORO-florisil or ORO-silica gel suspensions, 2.04, 6.12, 10.2 and 20.4 mL of the stock solutions were added to 1 g of florisil or silica gel. The suspensions were heated at about 363 K in a water bath to evaporate ethanol and obtain ORO-florisil and ORO-silica gel samples. For ORO-florisil samples, the ratios of ORO to florisil were 0.5, 1.5, 2.5 and 5.0 × 10 -4 mol/g, respectively. For the ORO-silica gel sample, the ratio of ORO to silica gel was 2.5 × 10 -4 mol/g.
Apparatus
Absorption spectra were measured with a JASCO V-670 spectrophotometer (JASCO Corp., Japan). Diffuse reflectance spectra were measured with a JASCO V-670 spectrophotometer (JASCO Corp., Japan) equipped with a JASCO ISN-470 integrating sphere system (JASCO Corp., Japan).
Procedure
Absorption spectra of the dye solution were obtained against distilled water as background. For visual observation, 10 mg of ORO-florisil or ORO-silica gel samples were put on PARAFILM ® and acid solutions were dropped on them. For measuring of diffuse reflectance spectra, acid solutions were added to 10 mg of ORO-florisil or ORO-silica gel samples in a powder sample holder. Diffuse reflectance spectra of OROflorisil or ORO-silica gel samples with acid solutions were obtained against ORO free florisil or silica gel as background. The diffuse reflectance spectra were transformed according to the Kubelka-Munk model. The diffuse reflectance spectra can be expressed as the Kubelka-Munk function, K/S, by the following equation: [12] [13] [14] K/S = (1 -R) 2 
/2R
The K and S values are called the adsorption and scattering coefficients, respectively. R is the reflectance of the sample over a background reflectance.
Results and Discussion
First, UV-Vis spectra of ORO in acid solutions were measured. Figure 1 shows UV-Vis spectra of ORO in various concentrations of sulfuric acid solutions. When the dye was added to water (0 M of sulfuric acid), the absorbance is low since ORO was not completely dissolved. But except for the absorbance, almost the same spectrum profile as the spectra of ORO in 1 -4 M of sulfuric acid was obtained. For more than 5 M of sulfuric acid, the absorption maximum shifted from 510 to 605 nm with an increase in sulfuric acid concentration.
When ORO was supported on a florisil surface, the color change behavior differed from in solution. Against 0 -1 M of sulfuric acid, the color of the ORO-florisil sample changed from pink to bluish purple. As shown in Fig. 2 , the color change was distinguished by visual observation against as low a concentration as 0.1 M of sulfuric acid. Figure 3 shows UV-Vis spectra of ORO-florisil samples against 0 -1 M of sulfuric acid. Absorption at 545 nm was diminished, while the absorption at 655 nm was enhanced with the increase of the sulfuric acid concentration. It is noteworthy that the color of dye changes against a far lower sulfuric acid concentration than in solution. Moreover, the shapes of spectra against sulfuric acid solutions are different from those in Fig. 1 . For more concentrated sulfuric acid, the ORO-florisil sample showed a clearly distinguishable color change as shown in Fig. 4 . The color of ORO-florisil gradually turned from pink (against water) to a bluish color (1 -4 M) , then turned to a greenish color (4 -10 M). Against over 12 M of sulfuric acid, the ORO-florisil sample showed a dark green color. The colors were independent of volume of acid solution as long as the ORO-florisil sample was fully soaked. These findings can be applied to optical acid sensing, which can estimate the approximate concentration of sulfuric acid for an extremely wide concentration range. This interesting phenomenon may be attributed to the characteristics of the dye adsorbed on the florisil surface. In order to evaluate the specific properties of florisil, silica gel was used as a support of ORO, in place of florisil. In the case of the ORO-silica gel sample, as shown in Fig. 5 , a color change against sulfuric acid was not observed even at 2 M. ORO changes its chromism characteristic when it is adsorbed on a florisil surface, especially in low concentration region. This result suggests that some specific sites on the florisil surface contribute to the color change behavior of ORO.
It is well-known that Lewis acid sites, Mg(II) ions, are present and they play a key role for the adsorption of compounds that have basic electron donating groups. 10 ORO includes electron donating azo groups and these functional groups may dominantly be attached to Lewis acid sites. Adsorbing to Lewis acid sites can lead to the modification of the color change property of ORO.
To elucidate the effect of the amount of ORO on the florisil surface, UV-Vis spectra for various ORO-florisil samples against 0 -1 M of sulfuric acid were measured. In this concentration range, the color change is observed only when ORO is supported by florisil. Figure 6 shows the dependence of the ratios of K/S values at 655 to 545 nm (K/S655/K/S545) on concentrations of sulfuric acid for each ORO-florisil sample. The lower the amount of ORO on the florisil, the higher the value of K/S655/K/S545 was observed when the same concentration of sulfuric acid solution was added. This phenomenon leads to the following consideration: ORO is preferentially adsorbed on the Lewis acid site and its color changes against sulfuric acid. As the amount of dye increases, the ratio of the dye adsorbed on the other sites, where their color does not change against sulfuric acid, increases. This situation results in the lower K/S655/K/S545 values.
The effect of type of acid was preliminarily investigated. For nitric acid, hydrochloric acid, phosphoric acid and formic acid, the ORO-florisil sample showed a chromism characteristic as in the case of sulfuric acid even when the concentration of each acid solution was 1 M. On the other hand, acetic acid did not alter the color of the ORO-florisil sample regardless of the level of concentration. Although additional research is needed to investigate the origin of the color change mechanism of OROflorisil samples, the proposed method is applicable for sensing high concentration acid solutions for which comercially available indicators are not suitable.
